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ABSTRACT 

Physical  properties  of  electron  variations  of  periods  in  the  range 
2-12  minutes  detected  in  the  afternoon  magnetosphere  at  synchronous 
altitudes  by  the  University  of  Minnesota  electron  spectroneter  on  the 
ATS-1  are  presented.  We  find  that  in  the  energy  interval  50  keV  to 
1  mcV,  most  of  the  electron  variations  are  correlated  with  the  intensity 
of  the  local  magnetic  field.  This  correlation  exists  down  to  a  few 
minutes  time  scale.  The  pitch-angle  analysis  shows  that  the  enhance¬ 
ment  of  fluxes  occur  primarily  at  large  pitch-angles.  We  show  in 
Part  2  of  this  series  of  papers  that  the  electron  variations  can  be 
accounted  for  by  adiabatic  causes. 

"''Also  with  the  Physics  Department  and  the  Atmospheric  Science  Department 
2 
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1.  INTRODUCTION 


l.ln  ami  Parks  (1074)  recently  showed  that  trapped  electron  fluxes 
of  energies  50  keV  to  1  moV  ohserved  In  the  afternoon  magnetosphere 
are  periodic  tn  space  and/or  In  time.  We  have  since  used  the  liigh- 
resolution  electron  data  to  study  further  these  periodic  structures 
and  in  this  article  we  report  that  these  electron  variations  are 
(1)  periodic  tn  the  ran pc  about  2-12  minutes  (2)  correlated  with 
magnetic  field  variations  (0)  organized  hv  the  local  magnetic  field, 
and  (4)  pitch-angle  dependent,  with  the  variations  larger  at  larger 
pitch-angles.  Those  observation:',  suggest  that  the  electron  variations 
are  adiabatic..  Part  two  of  tills  series  of  paper  hv  l.in  et.  al.  (1075) 
derives  the  quantitative  adiabatic  expressions  of  particle  flux 
variations  in  a  model  geomagnetic  field  perturbation.  It  will  he 
shown  that  the  observational  features  are  consistent  with  effects  a- 
rising  from  adiabatic  modulation  of  trapped  particle  fluxes. 

2 .  RESULTS 

2 . 1  Time  Variations  of  Electron  Fluxos_nnd  Fourier  Anal ysi s : 

Examples  of  quasi-period Ic  variations  of  equatorial  electron  fluxes 
are  shown  in  Figures  la,  lb,  and  lc  (see  also  examples  in  bin  and  Parks 
(1974)).  The  data  of  February  7  and  dune  2f>,  1°67  cone  from  the  period 
when  the  trapped  fluxes  were  slowly  decreasing  while  those  of  June  27, 
1967  come  from  the  period  when  the  trapped  fluxes  were  slowly  recover¬ 
ing.  All  of  these  variations  are  ohserved  in  the  afternoon  magnetosphere 
Tlie  probability  of  detecting  the  variations  is  maximum  around  1690-1800 
local  hours.  Note  that  the  electron  variations  are  independent  of  the 
energy.  The  electron  variations  are  always  detected  simultaneously  in 
all  of  tile  energy  channels.  The  absence  of  time  lags  in  the  different 
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energy  particles  means  that  the  variations  must  he  produced  locallv 
near  the  satellite  where  they  are  detected. 

The  results  of  Fourier  analysis  of  the  electron  data  are  shown  in 
Figure  2.  The  frequency  snectrums  shown  characterize  the  variations  of 
both  the  electron  and  H-component  magnetic  field  variations.  The 
spectrum  of  June  26,  1967  further  describes  the  behavior  of  protons  of 
energies  a<400  keV  in  addition  to  electron  and  the  magnetic  field. 

Figure  2  clearly  shows  the  time  variations  are  quasi-periodic .  ^or  the 
events  that  occurred  in  1967,  the  range  of  periodicities  detected  was 
about  2-12  minutes.  This  conclusion  is  arrived  at  from  both  the 
Fourier  analysis  results  and  the  simple  determination  of  periods  from 
the  count-rate  time  profile  (the  latter  method  was  used  for  segments  of 
data  that  were  too  short  for  Fourier  analysis). 

Proton  information  was  available  for  the  June  26,  1967  event 
(Figure  1).  Proton  data,  when  Fourier  analyzed,  also  show  a  significant 
peak  around  0.24  (min)  \  corresponding  to  the  same  peak  observed  in  the 
electron  data.  However,  the  protorB  and  the  electrons  did  not  vary  in 
phase.  Figure  3  shows  the  results  of  performing  a  coherence  analysis 
between  the  two  sets  of  data  (top  panel).  While  the  peaks  around  4.2 
minute  period  were  correlated,  the  electrons  and  the  protons  were  out 
of  phase  by  about  180°.  The  bottom  panel  shows  the  phase  relation  of 
electron  and  H  component  variations.  The  peaks  at  4.2  and  12  minutes 
were  correlated  with  a  zero  phase  difference  (note  that  the  small  phase 
seen  around  .24  (min)  ^  is  not  significant  since  it  is  caused  by  quanti¬ 
zation  error  in  the  digitization  process).  The  relationship  of  electron 
and  the  magnetic  field  shown  here  is  typical  of  other  events  studied. 
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Since  June  26,  1967  was  the  only  period  when  the  proton  data  were 
available,  the  results  shown  in  Figure  3  only  apply  to  this  event. 

2.1.1  Electron  Flux  Variations  vs  L: 

As  a  first  step  toward  identifying  what  caused  the  time  variations 

in  the  electron  fluxes,  we  plotted  the  electron  fluxes  as  a  function 

1/3 

of  L,  defined  by  the  relation  L=(o. 31/15)  where  B  is  locally  measured. 
Figure  4  shows  such  a  plot  for  the  variations  detected  on  June  26  and 
27,  1967.  In  this  Figure,  the  flux  values  of  150-500  keV  energy  channel 
have  been  offset.  The  solid  circles  and  triangles  are  electron  data 
averaged  over  6-minutes.  This  type  of  data  describes  adequately  the 
type  of  variations  previously  studied  by  Lezniak  and  ilinckler  (1°70), 
Erickson  and  Winckler  (1973)  and  Bogott  and  Mozer  (1973).  Figure  4 
indicates  that  the  type  of  variations  that  occur  v.'i  th  about  1  hour  tine 
scale  is  well-behaved  in  L  and  as  previously  noted  the  variations  are 
adiabatic. 

The  open  circles  and  triangles  arc  electron  data  averaged  over 
25.6  seconds.  The  high-resolution  data  adequately  describe  the  faster 
quasi-periodic  structures  of  interest  here.  In  this  time  scale,  the 
electrons  of  energies  50-500  keV  are  still  well-ordered  in  I..  This 
means  the  electron  variations  in  the  2-12  minute  time  scales  are  also 
adiabatic.  This  view  is  further  supported  by  the.  pitch-angle  analysis 
given  below. 

2.1.2  P itch-angle  Oistrib \ i tion  a nd  Variations : 

Figure  5  shows  typical  examples  of  pitch-angle  distributions  obtained 
at  the  minimum  and  the  peak  of  electron  variations.  First  to  note  is 
that  the  pitch-angle  distribution  at  the  minimum  flux  is  peaked  toward 
smaller  pitch-angles.  At  the  peak,  the  distributions  become  more  isotropic. 


Thus,  the  increase  of  electron  fluxes  comes  mainly  from  the  large  pitch- 
angle  particles.  It  should  be  emphasized  that  although  the  example 
shown  in  the  Figure  comes  from  the  variations  detected  around  0138  UT, 
the  behavior  shown  is  true  for  most  of  the  variations  studied  and 
should  not  be  construed  to  represent  the  characteristics  of  this 
particular  variation. 

The  characteristics  displayed  in  Figure  5  are  consistent  with 
adiabatic  effects  as  will  be  demonstrated  quantitatively  in  Part  2  by 
Lin  et.  al.  (1975;  see  companion  paper). 

2.1.3  Frequency  vs.  B: 

As  already  noted,  the  range  of  frequency  observed  is  between  about 

1.3  to  8.3  mHz,  An  attempt  was  made  to  find  out  what  factors  influence 

the  frequency  of  oscillation.  He  have  examined  the  frequency  as  a 

function  of  the  electron  intensity,  K  ,  and  the  intensitv  of  the  magnetic 

P 

field.  The  frequency  is  uncorrelated  to  and  the  electron  intensity. 
There  is  a  weak  suggestion  that  the  frequency  and  the  local  magnetic  field 
intensity  might  be  correlated.  Figure  6  shows  a  plot  of  the  frequency 
as  a  function  of  <|b[>,  where  <  ^  >  represents  the  average  intensity  of  the 
magnetic  field  averaged  over  many  cycles.  For  the  events  plotted,  <|Bj> 
varied  between  40  and  130  gammas  during  which  the  variations  were  observed 
in  the  1.3  to  8.3  mHz  frequency  interval. 

In  considering  the  origin  of  the  oscillations,  we  note  that  the 
frequency  characteristics  of  Alfven  and  drift  waves  arc  quite  different. 
The  former  depends  on  |wj  linearly  because  the  Alfven  velocity  is  propor¬ 
tional  to  j B | ,  while  the  latter  is  inversely  proportional  to  |b|  (see 
Krall  and  Trivelpiece,  1973).  Note  that  these  wave  properties  are  correct 
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only  if  the  plasma  density  is  assumed  constant  in  the  region  of  the  wave 
oscillation.  According  to  Figure  6,  nothing  definite  can  be  said  about 
these  waves  (see  Barfield  and  McPherron  (1972)  for  other  properties  of 
waves) . 

3.  CONCLUSION 

One  of  the  main  conclusions  to  be  drawn  from  this  study  is  that  the 
variations  of  >  50  keV  trapped  electron  fluxes  that  are  frequently  detected 
in  the  afternoon  magnetosphere  during  substorms  are  predominantly  due  to 
adiabatic  causes.  Consequently,  these  energy  electrons  do  not  appear  to 
take  part  directly  in  any  instability  mechanisms.  Rather,  the  >  50  keV 
electron  variations  simply  represent  the  response  to  magnetic  field 
oscillations  about  the  satellite  ATS-i.  The  adiabatic  variations  are 
produced  in  situ  and  on  the  average  the  modulation  of  the  trapped  electron 
population  does  not  alter  the  average  energies  of  the  trapped  radiation. 

The  sources  of  the  waves  need  not  be  local.  With  regard  to  the 
mechanisms  that  might  be  involved  for  these  waves,  we  made  an  attempt  to 
evaluate  whether  a  drift-mode  instability  was  involved  (see  Figure  6). 

In  view  of  absence  of  strong  1/B  dependence  of  the  frequency  of  oscillation, 
nothing  definite  can  be  said  about  this  instability  mechanism.  We  wish  to 
note  however  that  the  data  of  Baxter  and  LeOuey  (1973)  and  Lanzerotti 
et.  al,,  1969)  support  the  view  that  drift-mode  instabilitv  micht  be 
operating  in  the  magnetosphere.  From  our  analysis  of  the  electron  data, 
the  only  evidence  we  have  is  the  electron-proton  anticorrelation  observed 
in  the  June  26,  1967  oscillations. 

In  conclusion,  we  wish  to  note  that  the  electron  oscillation  events 
observed  at  the  ATS-1  for  electron  energies  >50  keV  are  adiabatic  as 
indicated  in  this  paper.  However,  on  several  occasions  electron  modula¬ 
tions  were  observed  in  the  total,  absence  of  magnetic  field  oscillations 
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(not  shown).  The  cause  of  these  non-adiabatic  oscillations  is  not 
known  but  one  possibility  is  that  they  are  related  to  electrostatic 
waves.  Properties  of  these  non-adiabatic  structures  will  be  further 
studied  and  reported  in  another  paper. 
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FIGURE  CAPTIONS 

Figure  la:  The  electron  count-rate  time  profile  detected  on  the 
ATS-1  and  the  magnetic  field  data  in  three  components.  The 
electron  data  are  25.6  second  averages  and  the  magnetic  field 
are  2.5  second  averages  (courtesy  of  UCI.A) . 

Figure  lb:  Same  as  Figure  la  exce.nt  that  proton  data  from  Bell 
Laboratory  detector  are  included.  All  data  are  1-minute 
averages . 

Figure  lc :  Same  as  Figure  la.  Data  arc  1-minute  averages. 

Figure  2:  Power  spectral  analyses  results  of  the  three  events 

shown  in  Figure  1. 

Figure  3:  Coherence  analysis  between  electrons  and  protons  and 

electrons  and  the  magnetic  field  for  the  June  26,  1967  event. 

Figure  A:  Electron  flux  vs.  L  parameter.  Open  circles  and 

triangles  are  data  that  were  averaged  over  6-minutes.  Closed 
circles  and  triangles  are  25.6  second  averaged  data.  Mote 
that  the  fluxes  are  well-organized  by  L. 

Figure  5:  Behavior  of  pitch-angle  distribution  during  oscillations. 

Large  increases  arc  observed  at  hi«*h  pitch-angles . 

Figure  6:  Frequency  of  oscillation  vs.  magnetic  field  intensity 

averaged  over  many  cycles  of  the  oscillations.  The  dashed 
line  represents  f  •  1/R  curve.  These  events  were  all  detected 


in  1967. 
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